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H. KRZANOWSKA method of Dziuk & Runner (1960) . Sperm obtained from vasa deferentia of one K P and two KE males was mixed with 0-2-0-4 ml. of boiled milk and used for insemination of two to four females. The proportion of sperm from the two sources was adjusted to allow for the lower fertilizing capacity of KE males (Krzanowska, 1960 (Krzanowska, ,1964 and to obtain about equal numbers of inbred and crossbred offspring.
On the 13th, 14th, or 15th day of pregnancy (day of insemination was designated 0) pregnant females were killed and all embryos weighed on a torsion balance to the nearest 1 mg. Embryos were inspected for the presence of pigment in the eyes which appears in Fi hybrids only, both inbred strains having pink eyes (KE because of the gene albino; KP because of pink-eyed dilution). Embryonic livers were gently dissected, weighed on a torsion balance to the nearest 0-1 mg., and transferred into separate tubes containing 0-1 ml. of 1 % citric acid.
A modification of the technique described by Solomon (1957) was used for counting nuclei. After standing for 1 hour the tissue was homogenized with a glass plunger and a further 0-4 ml. of 1 % citric acid was added. The suspension was centrifuged at 2500 r.p.m. for 5 min. and the supernatant was removed. The pellet was broken up with a glass rod and then suspended in 2-0 ml. of a weak solution of toluidine blue (about 0-002 %) in distilled water. This fluid was added gradually with continuous mixing. Two drops of the suspension were placed in the haemocytometer and two big squares (0-1 mm.
3 each) were counted to estimate the number of nuclei. Only those females containing embryos sired by fathers from both strains were used. Of these there were eleven KE and four KP females. Only 14-day-old embryos were investigated in this latter group. After artificial insemination the litter size of KE females was slightly lower than normal (5-3 instead of about 6-6) but was unaffected in K P females (6-5).
RESULTS
In all age groups body and liver weights were heavier, and the number of nuclei in the liver larger in Fi hybrids than in inbred embryos. This holds true both for KE and K P mothers. All differences were significant ( Table 1 ). The relative difference was highest in 13-day-old embryos where the heterotic increment amounted to 30 % for body weight, 83 % for liver weight and 68 % for the number of nuclei in the liver.
For embryos of KE mothers the linear regression of liver weight on body weight was calculated. It was highly significant both in inbred and in Fi hybrid embryos and the difference in slope between these two groups was non-significant ( Fig. 1) . The relative liver weight (in mg. per 100 mg. of body weight) increased during the embryonic period studied; it amounted to 3-7% and 5-2% on day 13; 6-4% and 7-2% on day 14; 8-1% and 8-2% on day 15 in inbred and crossbred embryos, respectively.
By dividing the weight of the liver by the number of nuclei in this organ, mean cell size was calculated (Table 1) . This tends to be larger in Fi hybrid than in inbred embryos on the 13th day of pregnancy, but smaller on the 15th, although the level • of significance was not reached in either case when the same age groups were compared.
Cell size changed with age, being the largest in 14-day-old embryos. The difference between day 13 and 14 is significant for inbred embryos, while that between day 14 and 15 is significant for Fi hybrids. These calculations show that the relation between liver weight and the number of nuclei in the liver is rather curvilinear, which complicates direct comparison of the lines of regression for inbred and crossbred embryos. However, Fig. 2 shows that for the same liver weight the number of nuclei and consequently cell size is very similar in both genotypes. The results indicate that heterosis is exhibited through a different growth rate, while both in Fi hybrids and in inbred embryos growth proceeds along the same curve relating cell number to organ weight.
DISCUSSION
When inbred and Fi hybrids are developing in the same uterus, heterotic effects are increased: Fi hybrids grow bigger at the cost of inbred embryos which are smaller in heterospermic litters than in normal ones (Musialek, 1966 litters create an opportunity to investigate embryonic heterosis in uniform environmental conditions provided by the same mother. In the present experiments the difference between crossbred and inbred embryos on day 13 of pregnancy was equal to about 40% of the difference between inbred embryos on day 14 and on day 13. Thus 13-day-old Fi hybrids were nearly of the same size as 13-4-day-old inbred embryos. This relation is also true for liver weight and for the number of nuclei in the liver, indicating that cell number is the responsible factor. When the same liver weights are considered, number of nuclei seems to be very similar in inbred and hybrid embryos (Fig. 2) . Moreover, no significant differences in cell size were found between genotypes (Table 1) when the same age groups were compared. Liver was chosen as the object of the present experiments for technical reasons, because it is easy to dissect in early embryos and its size correlates with body size. It might be argued that it is not the proper organ for such studies because of the possible presence of polynucleate and polyploid cells. However, during embryonic life such cells are extremely rare or absent both in mice (review of literature given by Wilson & Leduc, 1948) and in the rat (Dvorak, 1963) . When counting the nuclei it was noticed that nuclear size varied considerably but the differences may be fully explained by the fact that in such mitotically active tissue there were many very young cells containing smaller nuclei. No difference in this respect was found between crossbred and inbred embryos. The conclusion seems to be justified that the heterotic effect in mouse embryos is due to more rapid division of cells in early pregnancy. Unfortunately, the method used did not permit embryos earlier than 13 days old to be studied. On the other hand it is known that in homospermic litters there is no effect of heterosis in 96-hour blastocysts (Krzanowska, 1964, and unpublished experiments) . This refers even to KP mothers where in such litters Fi hybrids are significantly larger as newboms Musialek, 1966) . Thus it is probable that heterosis first appears at the time of, or after, implantation.
The present results refer only to embryonic stages when the main factor of growth is increase in cell number (Winick & Noble, 1965) . It is possible that in later stages, after birth, when enlargement of cell size begins to play the main role in the growth processes, the mechanism of heterosis may be also changed. This will be the subject of further studies.
SUMMARY
Body and liver weight and the number of nuclei in the liver were significantly higher in Fi hybrid than in inbred embryos developing in the same uterus after artificial heterospermic insemination. The size of 13-day-old Fi hybrids corresponds 240 H. RRZANOWSKA to the size of 13-4-day inbred embryos. No significant differences in cell size were found between Fi hybrid and inbred embryos of the same age. It is concluded that in 13-15-day embryos heterosis takes place through increase in cell number and not cell size.
